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(54) CONTROLLER OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a controller of an internal 
combustion engine capable of correctly and easily calculating an 
amount of the air taken into the internal combustion engine. 
SOLUTION: In this controller of the internal combustion engine for 
calculating the amount of the intake air taken into the engine having a 
variable valve timing mechanism, whether the intake pressure Pm of an 
intake pipe connected to the internal combustion engine, is less than a 
predetermined intake pressure Pc or not is determined (S12), the 
amount of the intake air Mc is calculated on the basis of a first relational 
expression as a linear expression of the intake pressure of the intake 
pipe when the intake pressure Pm of the intake pipe is below a 
predetermined intake pressure Pc (S14), and the amount of the intake 
air Mc is calculated (S16) on the basis of a second relational 
expression which is the linear expression of the intake pressure of the 
intake pipe, and ahs an inclination different from the first relational 
expression, when the intake pressure Pm of the intake pipe is not 
below the predetermined intake pressure Pc. 
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1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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CLAIMS 



[Claim(s)] 

[Claim I] In the internal combustion engine control unit which computes the inhalation air content inhaled by the internal combustion 
engine A judgment means to judge whether the intake pressure of the inlet pipe connected to said internal combustion engine is below 
a predetermined intake pressure, Said inhalation air content is computed based on the first relational expression which is a linear 
expression of the intake pressure of said inlet pipe when it judges that the intake pressure of said inlet pipe is below a predetermined 
intake pressure with said judgment means. An operation means to compute said inhalation air content based on the second relational 
expression which is a linear expression of the intake pressure of said inlet pipe, and is a different inclination from said first relational 
expression when it judges that the intake pressure of said inlet pipe is not below a predetermined intake pressure with said judgment 
means, The internal combustion engine control unit characterized by preparation ******. 

[Claim 2] Said first relational expression and said second relational expression are an internal combustion engine control unit 
according to claim 1 characterized by being set up so that it may pass along the same point by the system of coordinates of said intake 
pressure and said inhalation air content with said predetermined intake pressure. 

[Claim 3] In the internal combustion engine control unit which computes the inhalation air content inhaled by the internal combustion 
engine A judgment means to judge whether the intake pressure of the inlet pipe connected to said internal combustion engine is below 
a predetermined intake pressure, When it judges that the intake pressure of said inlet pipe is below a predetermined intake pressure 
with said judgment means, said inhalation air content is computed based on the linear expression of the intake pressure of said inlet 
pipe. The internal combustion engine control unit characterized by having an operation means to compute said inhalation air content 
based on the formula more than secondary [ of the intake pressure of said inlet pipe ] when it judges that the intake pressure of said 
inlet pipe is not below a predetermined intake pressure with said judgment means. 

[Claim 4] In the internal combustion engine control unit which computes the intake pressure of the inlet pipe connected to an internal 
combustion engine A judgment means to judge whether the inhalation air content inhaled by said internal combustion engine is below 
a predetermined inhalation air content, Said intake pressure is computed based on the first relational expression which is a linear 
expression of the inhalation air content inhaled by said internal combustion engine when it judges that the inhalation air content 
inhaled by said internal combustion engine with said judgment means is below a predetermined inhalation air content. An operation 
means to compute said intake pressure based on the second relational expression which is a linear expression of the inhalation air 
content inhaled by said internal combustion engine, and is a different inclination from said first relational expression when it judges 
that the inhalation air content inhaled by said internal combustion engine with said judgment means is not below a predetermined 
inhalation air content, The internal combustion engine control unit characterized by preparation ******. 
[Claim 5] Said first relational expression and said second relational expression are an internal combustion engine control unit 
according to claim 4 which carries out the description of being set up so that it may pass along the same point by the system of 
coordinates of said intake pressure and said inhalation air content by said predetermined inhalation air content. 
[Claim 6] The internal combustion engine control unit according to claim 1 to 5 characterized by said internal combustion engine 
having a good fluctuation valve system. 
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DETAILED DESCRIPTION . 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the internal combustion engine control unit which computes the air content inhaled by 

the internal combustion engine. 

[0002] 

[Description of the Prior Art] In the internal combustion engine of a car, in order to realize good Air Fuel Ratio Control, it is required 
to grasp the exact inspired air volume supplied in a gas column. Conventionally, as a thing which computes the inhalation air content 
of the air by which inhalation of air is carried out to an internal combustion engine and to compute, so that it may be indicated by JP,8- 
334050,A By transforming an equation of state [ in / for a pressure-of-induction-pipe force time amount differential value / an inlet 
pipe ] into a differential equation as a pressure-of-induction-pipe force function, and processing by approximating the function to a 
linear function and annealing it The pressure-of-induction-pipe force for every elapsed time after change of whenever [ throttle valve- 
opening ], and an engine rotational frequency is computed, and what searches for the computed pressure-of-induction-pipe force as an 
inlet-valve passage air content based on a linear expression is known ( drawing 3 of the official report concerned (B)). 
[0003] 

[Problem(s) to be Solved by the Invention] With the equipment mentioned above, since the pressure-of-induction-pipe force and an 
inhalation air content are approximated by the linear expression in the whole region of the pressure-of-induction-pipe force, it becomes 
possible [ reducing the memory load and operation load of an arithmetic unit ]. 

[0004] However, there is a trouble that, as for a linear expression, it will include the error of extent which is the whole region since the ; 
correspondence relation between the actual pressure-of-induction-pipe force and an inhalation air content differs. In the internal 
combustion engine which had the good fluctuation valve system especially, the calculation error of an inhalation air content becomes 
large at the time of the overlap to which an inlet valve and an exhaust valve will be in a valve-opening condition at coincidence. 
[0005] Moreover, in order to compute an inhalation air content correctly, it is possible to carry out map processing using the map 
about the pressure-of-induction-pipe force and an inhalation air content. However, an operation load will also become large, while the 
amount of data becomes large in this case and a big ROM capacity is needed. 

[0006] Then, this invention is made in order to solve such a trouble, and it aims at offering the internal combustion engine control unit 

which can compute the air content inhaled by the internal combustion engine correctly and simply. 

[0007] 

[Means for Solving the Problem] Namely, the internal combustion engine control unit concerning this invention In the internal 
combustion engine control unit which computes the inhalation air content inhaled by the internal combustion engine A judgment 
means to judge whether the intake pressure of the inlet pipe connected to an internal combustion engine is below a predetermined 
intake pressure, An inhalation air content is computed based on the first relational expression which is a linear expression of the intake 
pressure of an inlet pipe when it judges that the intake pressure of an inlet pipe is below a predetermined intake pressure with a 
judgment means. When it judges that the intake pressure of an inlet pipe is not below a predetermined intake pressure with a judgment 
means, it is characterized by having an operation means to compute an inhalation air content based on the second relational expression 
which is a linear expression of the intake pressure of an inlet pipe, and is a different inclination from the first relational expression. 
[0008] According to this invention, by computing an inhalation air content based on at least two relational expression according to the 
intake pressure of an inlet pipe, the relation of the intake pressure of an inhalation air content and an inlet pipe can be made to 
approximate to an actual condition, and an inhalation air content can be computed correctly. Moreover, in order to compute an 
inhalation air content based on relational expression, compared with the case where map-ize an intake pressure and relation of an 
inhalation air content, and they are processed, calculation of an inhalation air content will become simple. 
[0009] Moreover, the internal combustion engine control unit concerning this invention is characterized by setting up the first 
relational expression and the second relational expression so that it may pass along the same point by the intake pressure and the 
intake pressure predetermined in the system of coordinates of an inhalation air content. 

[0010] Since according to this invention it is set up as passed along the same point in the first relational expression and the second 
relational expression, the straight line which starts the first relational expression and the second relational expression in the system of 
coordinates of an intake pressure and an inhalation air content surely becomes continuously. For this reason, even if it makes a setting 
change of the multiplier which specifies the first relational expression and the second relational expression, the continuity of the 
straight line concerning the first relational expression and the second relational expression is maintained, and an internal combustion 
engine can be controlled proper. Moreover, it becomes possible to count an intake pressure backward based on an inhalation air 
content using the inverse function type of the first relational expression and the second relational expression. 
[001 1] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination the first relational 
expression and the second relational expression, and passes along the same predetermined point, there is little setting data, it ends and 
reduction of memory space and reduction of a count load can be aimed at. 

[0012] Moreover, the internal combustion engine control unit concerning this invention is set to the internal combustion engine control 
unit which computes the inhalation air content inhaled by the internal combustion engine. A judgment means to judge whether the 
intake pressure of the inlet pipe connected to an internal combustion engine is below a predetermined intake pressure, When it judges 
that the intake pressure of an inlet pipe is below a predetermined intake pressure with a judgment means, an inhalation air content is 
computed based on the linear expression of the intake pressure of an inlet pipe. When it judges that the intake pressure of an inlet pipe 
is not below a predetermined intake pressure with a judgment means, it is characterized by having an operation means to compute an 
inhalation air content based on the formula more than secondary [ of the intake pressure of an inlet pipe ]. 
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[0013] According to this invention, it becomes possible more to compute an inhalation air content to accuracy. 

[0014] Moreover, the internal combustion engine control unit concerning this invention is set to the internal combustion engine control 
unit which computes the intake pressure of the inlet pipe connected to an internal combustion engine. A judgment means to judge 
whether the inhalation air content inhaled by the internal combustion engine is below a predetermined inhalation air content, An intake 
pressure is computed based on the first relational expression which is a linear expression of the inhalation air content inhaled by the 
internal combustion engine when it judges that the inhalation air content inhaled by the internal combustion engine with a judgment 
means is below a predetermined inhalation air content. When it judges that the inhalation air content inhaled by the internal 
combustion engine with a judgment means is not below a predetermined inhalation air content, it is characterized by having an 
operation means to compute an intake pressure based on the second relational expression which is a linear expression of the inhalation 
air content inhaled by the internal combustion engine, and is a different inclination from the first relational expression. 
[0015] Moreover, the internal combustion engine control unit concerning this invention carries out the description of being set up as 
passed along the same point in the first relational expression and the second relational expression by the predetermined inhalation air 
content by the system of coordinates of an intake pressure and an inhalation air content. 

[0016] According to these invention, by computing an intake pressure based on at least two relational expression according to an 
inhalation air content, the relation of the intake pressure of an inhalation air content and an inlet pipe can be made to approximate to an 
actual condition, and an intake pressure can be computed correctly. Moreover, in order to compute an intake pressure based on 
relational expression, compared with the case where map-ize an intake pressure and relation of an inhalation air content, and they are 
processed, calculation of an intake pressure will become simple. 

[0017] Moreover, the straight line which starts the first relational expression and the second relational expression in the system of 
coordinates of an intake pressure and an inhalation air content surely becomes continuously by setting up the first relational expression 
and the second relational expression so that it may pass along the same point. For this reason, even if it makes a setting change of the 
multiplier which specifies the first relational expression and the second relational expression, the continuity of the straight line 
concerning the first relational expression and the second relational expression is maintained, and an internal combustion engine can be 
controlled proper. Moreover, it also becomes possible to count an inhalation air content backward based on an intake pressure using 
the inverse function type of the first relational expression and the second relational expression. 

[0018] Furthermore, since what is necessary is just to set up as a formula which makes a predetermined inclination the first relational 
expression and the second relational expression, and passes along the same predetermined point, there is little setting data, it ends and 
reduction of memory space and reduction of a count load can be aimed at. 

[0019] Moreover, the internal combustion engine control unit concerning this invention is characterized by an internal combustion 
engine having a good fluctuation valve system. 

[0020] According to this invention, a predetermined intake pressure can be set up according to the valve train property of a good 
fluctuation valve system, and an inhalation air content can be correctly computed according to the valve train property of a good 
fluctuation valve system by computing an inhalation air content based on relational expression which is different in each set-up field 
of the high-tension side of an intake pressure, and the low-tension side. Moreover, a predetermined inhalation air content can be set up 
according to the valve train property of a good fluctuation valve system, and an intake pressure can be correctly computed according 
to the valve train property of a good fluctuation valve system by computing an intake pressure based on relational expression which is 
different in each field of few [ many and ] sides from the set-up inhalation air content. 
[0021] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a detail with reference to an 
accompanying drawing. In addition, in explanation of a drawing, the same sign is given to the same element, and the overlapping 
explanation is omitted. 

(The first operation gestalt) The explanatory view of the internal combustion engine control unit applied to this operation gestalt at 
drawing 1 is shown. 

[0022] As shown in this Fig., an internal combustion engine control device is equipment which computes the inhalation air content 
inhaled in the gas column of the engine 2 which is an internal combustion engine. The engine 2 set as the object of inhalation air 
content calculation is equipped with a good fluctuation valve system. For example, the engine 2 is equipped with the adjustable valve 
timing device 5 in which the closing motion timing of an inlet valve 3 and an exhaust valve 4 is changed, as a good fluctuation valve 
system. It connects with ECU6 electrically, and the adjustable valve timing device 5 operates based on the control signal outputted 
from ECU6, and outputs the detecting signal about valve timing to ECU6 through the detection sensors 7, such as a cam position 
sensor. 

[0023] The crank position sensor 12 is formed in the engine 2. The crank position sensor 12 is a sensor which detects an engine speed, 
and it connects with ECU6 and it outputs the appearance signal for necropsy to ECU6. 

[0024] The injector 9 which injects a fuel is formed in the combustion chamber 8 at the engine 2. An injector 9 is a fuel-injection 
means to supply a fuel to a combustion chamber 8, and is installed every cylinder 10 with which an engine 2 is equipped. The 
combustion chamber 8 is formed above the piston 1 1 arranged in the cylinder 1 0. The inlet valve 3 and the exhaust valve 4 are 
arranged in the upper part of a combustion chamber 8. 

[0025] The intake manifold 20 is connected to the upstream of an inlet valve 3. The surge tank 21 is connected to the upstream of an 
intake manifold 20. An intake manifold 20 and a surge tank 21 constitute the inlet pipe connected to an engine 2. Furthermore, the air 
cleaner 22 is installed in the inhalation-of-air path of the upstream of a surge tank 21 . 

[0026] The throttle valve 23 is formed in the upper location of a surge tank 21. A throttle valve 23 operates based on the control signal 
of ECU6. The throttle opening of a throttle valve 23 is detected by the throttle position sensor 24, and is inputted into ECU6. 
[0027] The air flow meter 25 is formed in the down-stream location of an air cleaner 22. An air flow meter 25 is an inhalation air 
content detection means to detect an inhalation air content. The detecting signal of an air flow meter 25 is inputted into ECU6. 
[0028] ECU6 controls the whole equipment of the internal combustion engine control unit 10, and the computer containing CPU, 
ROM, and RAM is constituted as a subject. The various control routines which contain an inhalation air content calculation routine in 
ROM are memorized. 

[0029] Next, actuation of the internal combustion engine control unit concerning this operation gestalt is explained. 
[0030] Drawing 2 is a flow chart which shows actuation of an internal combustion engine control device. 

[0031] Step S10 (it is only hereafter indicated as "S10 n .) of this Fig. Suppose that it is the same about other steps. The operation of the 
intake pressure Pm of an inlet pipe is performed. The intake pressure Pm of this inlet pipe is calculated based on the inhalation air 
content which is the pressure-of-induction-pipe force of the throttle- valve 23 downstream in an inlet pipe, for example, is detected by 
the air flow meter 25. 

[0032] Moreover, the intake pressure Pm of an inlet pipe may be calculated based on the throttle opening of a throttle valve 23. 
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Furthermore, the pressure sensor which carries out direct detection of the intake pressure to an inlet pipe is formed, the detecting signal 
of the pressure sensor is read, and it is good also as an intake pressure Pm. 

[0033] And it shifts to SI 2 and it is judged whether it is below the predetermined intake pressure Pc by which the intake pressure Pm 
of an inlet pipe is beforehand set as ECU6. The intake pressure Pc is set up according to the engine speed detected by the crank 
position sensor 12, the valve timing detected by the detection sensor 7 based on the valve train property of the adjustable valve timing 
device 5. For example, based on the valve train property of the adjustable valve timing device 5, an intake pressure Pc is small set up, 
when an engine speed is large, and when an engine speed is small, it is set up greatly. 

[0034] In SI 2, when judged with it being below the intake pressure Pc to which the intake pressure Pm of an inlet pipe was set, it 
shifts to S14 and the inhalation air content Mc is computed based on the first following relational expression (1) which is a linear 
expression of the intake pressure Pm of an inlet pipe. 
[0035] Mc=al-Pm-bl .... (1) 

On the other hand, when judged with it not being below the intake pressure Pc to which the intake pressure Pm of an inlet pipe was set 
in SI 2, it shifts to S16 and the inhalation air content Mc is computed based on the second following relational expression (2) which is 
a linear expression of the intake pressure Pm of an inlet pipe, and is a different inclination from the first relational expression. 
[0036] Mc=ah-Pm-bh .... (2) 

Here, the intake pressure Pm in the operation of the inhalation air content Mc and the relation of the inhalation air content Mc to S14 
and S16 are shown to drawing 3 . - - 

[0037] As a continuous line shows drawing 3 , when the intake pressure Pm of an inlet pipe is below the setting intake pressure Pc, 
inspired air volume Mc is computed based on the first relational expression (Mc=aI-Pm-bl), and when the intake pressure Pm of an 
inlet pipe is larger than the setting intake pressure Pc, inspired air volume Mc is computed based on the second relational expression 
(Mc=ah-Pm-bh). 

[0038] At this time, the inclination al of the first relational expression and the inclination ah of the second relational expression are set 
as a mutually different value, for example, the inclination al of the first relational expression is set up smaller than the inclination ah of 
the second relational expression. Compared with the case where this computes inspired air volume for the whole region of an intake 
pressure only by one linear expression as the broken line of drawing 3 shows, the inspired air volume near actual inspired air volume 
is computable. 

[0039] Moreover, the inclination ah and Intercept bh of inclination al of the first relational expression, Intercept bl, and the second 
relational expression are a parameter depending on the valve timing and the engine speed of the adjustable valve timing device 5. The 
inclination al of the first relational expression is set up smaller, and the inclination ah of the second relational expression is more 
greatly set up as the condition (valve overlap) that the inclination al of the first relational expression and the inclination ah of the 
second relational expression were set as a different value according to the condition of the valve timing of the adjustable valve timing 
device 5, for example, the inlet valve 3 and the exhaust valve 4 opened, to coincidence becomes long. It becomes computable [ the 
inspired air volume near actual inspired air volume ] by this. 

[0040] Moreover, when the adjustable valve timing device 5 can carry out adjustable [ of a phase and the amount of lifts ], according 
to those phases and the amount of lifts, the inclination ah and Intercept bh of inclination al of the first relational expression, Intercept 
bl, and the second relational expression are set up. 

[0041] By the way, in drawing 3 , when an inlet valve 3 and an exhaust valve 4 will not be in the condition of having opened at 
coincidence, at the time of the drive of an engine 2, as a broken line shows, it is possible to calculate the whole region of the intake 
pressure of an inlet pipe for the inhalation air content Mc in one straight line, i.e., one linear expression, (when you have no valve 
overlap). 

[0042] That is, when computing the air content in the cylinder of an engine 2 using equation of state P-V=M-R-T, since the cylinder 
internal pressure P of the moment the inlet valve 3 closed becomes almost equal to the pressure-of-induction-pipe force, the pressure- 
of-induction-pipe force can be substituted as a pressure P, and the air content M in V, then a cylinder can be computed for cylinder 
capacity when an inlet valve 3 closes. Although a burnt-gas component is also contained in a cylinder in that case, when the timing 
which an exhaust valve 4 closes is set constant, it is possible that the amount of burnt gases is also almost fixed. For this reason, the 
inhalation air content mc in a cylinder (new temper) can be approximated in a straight line as a linear expression of an intake pressure 
Pm by the following formula (3). 
[0043]mc=A-Pm-B....(3) 

At this time, A is set up based on V/(R-T), and B is set up based on the amount of burnt gases. In addition, R is a gas constant and T is 
temperature. 

[0044] However, since the back flow to an inspired air flow path from the exhaust side of a cylinder arises when there is a valve 
overlap, the amounts of burnt gases which the condition of a valve overlap responds and remain in a cylinder to the pressure-of- 
ihduction-pipe force differ. Therefore, in an approximate expression like a formula (3), an inhalation air content cannot compute 
correctly. 

[0045] A reflux flow to the inlet pipe out of a cylinder when an inlet valve 3 opens is determined by the difference of cylinder internal 
pressure and the pressure-of-induction-pipe force. 

[0046] The relation of the pressure ratio and reflux flow in the vertical style of an inlet valve 4 is shown in drawing 4 . If a bulb 
vertical fluid pressure force ratio (cylinder internal pressure of the pressure-of-induction-pipe force / downstream of the upstream) 
becomes small as shown in this Fig., a reflux flow will also increase. For this reason, according to change of the pressure-of-induction- 
pipe force, change will be produced in an inhalation air content. 

[0047] moreover, if the pressure ratio of a bulb vertical style becomes smaller than a fixed pressure ratio, a reflux flow will serve as 
about 1 law, and the relation between the pressure ratio of a bulb vertical style and a reflux flow will change. This will be considered 
based on hardly changing, if the volume in a cylinder carries out integral processing of the passage air content of an inlet valve 3 since 
[ small ] pressure variation is early compared with an inlet pipe etc. even if a pressure ratio changes. Therefore, since an inhalation air 
content changes with whether it is below a pressure with the fixed pressure-of-induction-pipe force, in order to compute an inhalation 
air content correctly, it is necessary to use the formula from which the pressure-of-induction-pipe force differs by whether it is below a 
fixed pressure. 

[0048] Moreover, when there is a valve overlap, cylinder capacity changes according to valve timing. Thereby, since an inhalation air 
content changes, in an approximate expression like a formula (3), an inhalation air content cannot compute correctly. In this case, it 
becomes computable [ an exact inhalation air content ] by setting up suitably the parameters al, bl, ah, and bh in the formula (1) 
mentioned above and (2) according to an engine speed or valve timing. 

[0049] As mentioned above, according to the internal combustion engine control unit concerning this operation gestalt, by computing 
the inhalation air content Mc based on two relational expression (1) and (2) according to the intake pressure Pm of an inlet pipe, the 
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relation of the intake pressure of an inhalation air content and an inlet pipe can be made to approximate to an actual condition, and an 
inhalation air content can be computed correctly. Especially, the predetermined intake pressure Pc is set up according to the valve train 
property of the adjustable valve timing device 5, and the exact inhalation air content according to the valve train property of a good 
fluctuation valve system can be computed by computing an inhalation air content based on relational expression which is different in 
each set-up field of the high-tension side of an intake pressure Pc, and the low-tension side. 

[0050] Moreover, in order to compute an inhalation air content based on relational expression, as compared with map processing etc., 
calculation of an inhalation air content will become simple. For example, in the internal combustion engine control device concerning 
this operation gestalt, if the parameters al and bl of the first relational expression, the parameters ah and bh of the second relational 
expression, and the setting intake pressure Pc are set up in a certain engine speed and valve timing, an inhalation air content is 
computable. For this reason, compared with the pressure-of-induction-pipe force and the map processing using the map about an 
inhalation air content, the amount of data which should be stored can decrease sharply. Moreover, since the formula for inhalation air 
content calculation is a linear expression, an operation will also become easy and reduction of an operation load can also be aimed at. 
[0051] It is very useful when applying to the engine which performs engine control of a torque demand method especially. 
(The second operation gestalt) The internal combustion engine control unit applied to the second operation gestalt next is explained. 
[0052] Although the internal combustion engine control unit concerning this operation gestalt is constituted almost like the internal 
combustion engine control unit concerning the first operation gestalt, they differ at the point using an above-mentioned formula (1) 
and relational expression other than (2) as the first relational expression which computes an inhalation air content, and the second 
relational expression. 

[0053] The flow chart about actuation of the internal combustion engine control device applied to this operation gestalt at drawing 5 is 
shown. In addition, the hard configuration of the internal combustion engine control unit concerning this operation gestalt is carried 
out like the internal combustion engine control unit concerning the first operation gestalt shown in drawing 1 . 
[0054] As shown in S20 of drawing 5 , the operation of the intake pressure Pm of an inlet pipe is performed. The operation of this 
intake pressure Pm is performed based on the inhalation air content which is performed like R> 2 drawing 2 S10, for example, is 
detected by the air flow meter 25. Moreover, the intake pressure Pm of an inlet pipe may be calculated based on the throttle opening of 
a throttle valve 23. Furthermore, the pressure sensor which carries out direct detection of the intake pressure to an inlet pipe is formed, 
the detecting signal of the pressure sensor is read, and it is good also as an intake pressure Pm. 

[0055] And it shifts to S22 and it is judged whether it is below the predetermined intake pressure Pc by which the intake pressure Pm 
of an inlet pipe is beforehand set as ECU6. The intake pressure Pc is set up according to the engine speed detected by the crank 
position sensor 1 2, the valve timing detected by the detection sensor 7 based on the valve train property of the adjustable valve timing 
device 5. For example, based on the valve train property of the adjustable valve timing device 5, an intake pressure Pc is small set up, 
when an engine speed is large, and when an engine speed is small, it is set up greatly. 

[0056] In S22, when judged with it being below the intake pressure Pc to which the intake pressure Pm of an inlet pipe was set, it 
shifts to S24 and the inhalation air content Mc is computed based on the first following relational expression (4) which is a linear 
expression of the intake pressure Pm of an inlet pipe. 
[0057] 

Mc=al and (Pm-Pc) +Qc .... (4) 

On the other hand, when judged with it not being below the intake pressure Pc to which the intake pressure Pm of an inlet pipe was set 
in S22, it shifts to S26 and the inhalation air content Mc is computed based on the second following relational expression (5) which is 
a linear expression of the intake pressure Pm of an inlet pipe, and is a different inclination from the first relational expression. 
[0058] 

Mc=ah and (Pm-Pc) -fQc .... (5) 

Here, the intake pressure Pm in the operation of the inhalation air content Mc and the relation of the inhalation air content Mc to S24 
and S26 are shown to drawing 6 . 

[0059] As shown in drawing 6 , when the intake pressure Pm of an inlet pipe is below the setting intake pressure Pc, inspired air 
volume Mc is computed based on the first relational expression (Mc=al and (Pm-Pc) +Qc), and when the intake pressure Pm of an 
inlet pipe is larger than the setting intake pressure Pc, inspired air volume Mc is computed based on the second relational expression 
(Mc=ah and (Pm-Pc) +Qc). 

[0060] The first relational expression and the second relational expression are set up so that it may pass along the same point by the 
system of coordinates of an intake pressure Pm and the inhalation air content Mc with an intake pressure Pc. For example, in the 
system of coordinates of an intake pressure Pm and the inhalation air content Mc, the first relational expression and the second 
relational expression are set up so that each straight line concerning the first relational expression and the second relational expression 
may pass along the same point (Pc, Qc). 

[0061] A value with the same multipliers Pc and Qc in the first relational expression and the second relational expression is used. On 
the other hand, the multipliers al and ah of the inclination in the first relational expression and the second relational expression are set 
as a mutually different value, for example, the inclination al of the first relational expression is set up smaller than the inclination ah of 
the second relational expression. 

[0062] As mentioned above, according to the internal combustion engine control concerning this operation gestalt, the straight line 
which starts the first relational expression and the second relational expression in the system of coordinates of an intake pressure Pm 
and the inhalation air content Mc surely becomes continuously by setting up the first relational expression and the second relational 
expression so that it may pass along the same point (Pc, Qc) by the predetermined intake pressure Pc. For this reason, even if it makes 
a setting change of the multipliers al, ah, Pc, and Qc of the first relational expression and the second relational expression, the 
continuity of the straight, line concerning the first relational expression and the second relational expression is maintained. Therefore, a 
proper inhalation air content can be computed and proper engine control is attained. 

[0063] For example, the first relational expression is expressed like the following formula (6), and when the first relational expression 
and the second relational expression are set up using [ al ] Qc as 50.4 for 0.9 and ah using 2.1 and Pc as 49.5, as shown in the 
following (7), the second relational expression is expressed. 
[0064] 

Mc=0.9 (Pm-49.5), +50.4 (Pm<=49.5) - (6) 
Mc=2.1 (Pm-49.5), +50.4 (Pm> 49.5) - (7) 

And the straight line concerning the first relational expression of a formula (6) and the second relational expression of a formula (7) 
becomes the continuous thing as the continuous line of drawing 7 shows. 

[0065] If below decimal point is rounded off, respectively and a setting change is made here about the multipliers al (0.9), ah (2.1), Pc 
(49.5), and Qc (50.4) in the first relational expression of a formula (6), and the second relational expression of a formula (7), the first 
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relational expression of a formula (6) will turn into the following formula (8), and the second relational expression of a formula (7) 

will turn into the following formula (9). 

[0066] 

Mc=l (Pm-50), +50 (Pm<=50) - (8) 
Mc=2 (Pm-50), +50 (Pm> 50) - (9) 

The straight line concerning the first relational expression of this formula (8) and the second relational expression of a formula (9) 
becomes what carried out fashion continuation as shown by the broken line of drawing 7 , and the continuity of two straight lines is 
maintained. Therefore, a suitable inhalation air content can be computed and engine control is attained with a good air-fuel ratio. 
[0067] On the other hand, as shown in the following formula (10) and (11), when a formula (6) and (7) are transformed and the first 
relational expression and the second relational expression are set up as an inclination and a multiplier of only an intercept, the first 
relational expression and the second relational expression are expressed. 
[0068] 

Mc=0.9 and Pm+5.85 (Pm<=49.5) - (10) 
Mc=2.1 and Pm-53.55 (Pm> 49.5) - (1 1) 

If below decimal point is rounded off about an inclination multiplier and an intercept multiplier, a formula (10) and (11) will be set to 

the following formula (12) and (13). 

[0069] 

Mc= 1 and Pm+6 (Pm<=50) -(12) 
Mc=2 and Pm-54 (Pm> 50) - (13) 

And the straight line concerning the first relational expression of this formula (12) and the second relational expression of a formula 
(13) becomes what has an inhalation air content discontinuous on the boundary of Pm=50, as shown by the alternate long and short 
dash line of drawing 7 . In this case, there is a possibility it not only worsens an air-fuel ratio by changing to discontinuity, but that an 
inhalation air content may cause aggravation of drivability. For this reason, it is necessary to make a change of each multiplier in 
consideration of the whole multiplier, and a maintenance etc. becomes complicated. 

[0070] Moreover, according to the internal combustion engine control concerning this operation gestalt, it is also possible to count an 
intake pressure backward based on an inhalation air content using the inverse function type of the first relational expression and the 
second relational expression. That is, since an intake pressure Pm and the inhalation air content Mc serve as relation which followed 
one to one by connecting an intake pressure Pm and the inhalation air content Mc with the first relational expression and the second 
relational expression, based on an inhalation air content, an intake pressure can be counted backward. 

[0071] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination the first relational 
expression and the second relational expression, and passes along the same predetermined point, there is little setting data, it ends and 
reduction of memory space and reduction of a count load can be aimed at. For example, in the internal combustion engine control 
device concerning this operation gestalt, that what is necessary is just to set up four multiplier data, Pc, Qc, al, and ah, as a map for 
every engine speed and valve timing, since the number of data decreases, reduction of memory space and reduction of a count load can 
be aimed at. 

(The third operation gestalt) The internal combustion engine control unit applied to the third operation gestalt next is explained. 
[0072] The internal combustion engine control device concerning this operation gestalt is equipment which computes the intake 
pressure of the inlet pipe of an engine 2. The hard configuration of the internal combustion engine control unit concerning this 
operation gestalt is carried out like the internal combustion engine control unit concerning the first operation gestalt shown in drawing 

[0073] The flow chart about actuation of the internal combustion engine control device applied to this operation gestalt at drawing 8 is 
shown. 

[0074] As shown in S30 of drawing 8 , the operation of the inhalation air content Mc inhaled by the engine 2 is performed. The 
operation of this inhalation air content Mc is performed by setting up target inspired air volume for example, based on accelerator 
opening. Moreover, it may calculate based on fuel oil consumption and an air-fuel ratio. 

[0075] And it shifts to S32 and it is judged whether the inhalation air content Mc inhaled by the engine 2 is below the predetermined 
inhalation air content Qc beforehand set as ECU6. The inhalation air content Qc is set up according to the engine speed detected by the 
crank position sensor 12, the valve timing detected by the detection sensor 7 based on the valve train property of the adjustable valve 
timing device 5. 

[0076] In S32, when judged with it being below the inhalation air content Qc to which the inhalation air content Mc was set, it shifts to 
S34 and an intake pressure Pm is computed based on the first following relational expression (14) which is a linear expression of the 
inhalation air content Mc. 
[0077] 

Pm=(Mc-Qc)/al+Pc .... (14) 

On the other hand, when judged with the inhalation air content Mc not being below the inhalation air content Qc in S32, it shifts to 
S36 and an intake pressure Pm is computed based on the second following relational expression (15) which is a linear expression of 
the inhalation air content Mc, and is a different inclination from the first relational expression. 
[0078] 

Pm=(Mc-Qc)/ah+Pc .... (15) 

As mentioned above, since according to the internal combustion engine control concerning this operation gestalt the first relational 
expression and the second relational expression are set up so that it may pass along the same point by the predetermined inhalation air 
content Qc, the straight line which starts the first relational expression and the second relational expression in the system of 
coordinates of an intake pressure Pm and the inhalation air content Mc surely becomes continuously. For this reason, even if it makes 
a setting change of the multipliers al, ah, Pc, and Qc of the first relational expression and the second relational expression, the 
continuity of the straight line concerning the first relational expression and the second relational expression is maintained. Therefore, 
the proper intake pressure Pm can be computed and proper engine control is attained. 

[0079] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination the first relational 
expression and the second relational expression, and passes along the same predetermined point, there is little setting data, it ends and 
reduction of memory space and reduction of a count load can be aimed at. For example, in the internal combustion engine control 
device concerning this operation gestalt, that what is necessary is just to set up four multiplier data, Pc, Qc, al, and ah, as a map for 
every engine speed and valve timing, since the number of data decreases, reduction of memory space and reduction of a count load can 
be aimed at. 

(The fourth operation gestalt) The internal combustion engine control unit applied to the fourth operation gestalt next is explained. 
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[0080] Although the internal combustion engine control unit concerning the first operation gestalt and the second operation gestalt 
explained the case where an inhalation air content was computed using two linear expressions, the internal combustion engine control 
unit concerning this invention is not restricted to such a thing. 

[0081] The internal combustion engine control unit concerning this operation gestalt sets up two or more intake pressures in the whole 
region of the pressure-of-induction-pipe force, and computes an inhalation air content for die intake-pressure field between those 
setting intake pressures using three or more separate linear expressions. 

[0082] According to such an internal combustion engine control unit, it becomes possible to the internal combustion engine control 
unit concerning the first operation gestalt to compute an inhalation air content to accuracy more. 

(The fifth operation gestalt) The internal combustion engine control unit applied to the fifth operation gestalt next is explained. 
[0083] Although the internal combustion engine control unit concerning the third operation gestalt explained the case where an intake 
pressure was computed using two linear expressions, the internal combustion engine control unit concerning this invention is not 
restricted to such a thing. 

[0084] The internal combustion engine control unit concerning this operation gestalt sets up two or more inhalation air contents in the 
whole region of an inhalation air content, and computes an intake pressure for the field between those setting inhalation air contents 
using three or more separate linear expressions. 

[0085] According to such an internal combustion engine control unit, it becomes possible to the internal combustion engine control 
unit concerning the third operation gestalt to compute an intake pressure to accuracy more. 

(The sixth operation gestalt) The internal combustion engine control unit applied to the sixth operation gestalt next is explained. 
[0086] Although the internal combustion engine control unit applied by the fifth operation gestalt from the first operation gestalt 
explained the case where an inhalation air content or an intake pressure was computed using a linear expression, the internal 
combustion engine control unit concerning this invention is not restricted to such a thing. 

[0087] The internal combustion engine control unit concerning this operation gestalt computes an inhalation air content or an intake 
pressure using curves, such as a linear expression and a quadratic. For example, when judged with it being below the intake pressure 
Pc to which the fixed intake pressure Pc was set and the intake pressure Pm of an inlet pipe was set, the inhalation air content Mc is 
computed based on the first above-mentioned relational expression (1). On the other hand, when judged with it not being below the 
intake pressure Pc to which the intake pressure Pm of an inlet pipe was set, the inhalation air content Mc is computed based on the 
following quadratic ( 1 6). 
[0088] 

Mc=a and (Pm)2+b-Pm+c .... (16) 

Moreover, in the field of the high-tension side, you may approximate from an intake pressure Pc with not a quadratic but other curves 
of an intake pressure Pm of an inlet pipe. 

[0089] According to such an internal combustion engine control unit, it becomes possible from the first operation gestalt to compute 
an inhalation air content to accuracy more to the internal combustion engine control unit applied by the fifth operation gestalt. 
[0090] 

[Effect of the Invention] As explained above, according to this invention, by computing an inhalation air content or an intake pressure 
based on at least two relational expression according to the intake pressure or inhalation air content of an inlet pipe, the relation of the 
intake pressure of an inhalation air content and an inlet pipe can be approximated to an actual condition, and an inhalation air content 
or an intake pressure can be computed correctly. Moreover, in order to compute an inhalation air content or an intake pressure based 
on relational expression, as compared with map processing etc., calculation of an inhalation air content or an intake pressure will 
become simple. 

[0091] Moreover, even if it makes a setting change of the multiplier which specifies the first relational expression and the second 
relational expression by setting up as passed along the same point in the first relational expression and the second relational 
expression, the continuity of the straight line concerning the first relational expression and the second relational expression is 
maintained, and an internal combustion engine can be controlled proper. For this reason, setting modification etc. is easily 
maintainable. Moreover, it is possible to count an intake pressure backward based on an inhalation air content using the inverse 
function type of the first relational expression and the second relational expression, and to count an inhalation air content backward 
based on an intake pressure. 

[0092] Moreover, since what is necessary is just to set up as a formula which makes a predetermined inclination the first relational 
expression and the second relational expression, and passes along the same predetermined point, there is little setting data, it ends and 
reduction of memory space and reduction of a count load can be aimed at. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages , caused by the use of this translation . 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the internal combustion engine control unit concerning the first operation gestalt of this 
invention. 

[Drawing 2] It is the flow chart which shows actuation of the internal combustion engine control device of drawing 1 . 
[Drawing 3] It is drawing showing the intake pressure Pm in inhalation air content calculation of the internal combustion engine 
control unit of drawing 1 , and the relation of the inhalation air content Mc. 

Prawing 4] It is drawing showing the relation of the pressure ratio of a bulb vertical style and reflux flow in the case of being about a 
valve overlap. 

Prawing 5] It is the flow chart which shows actuation of the internal combustion engine control device concerning the second 
operation gestalt. 

Prawing 6] It is drawing showing the intake pressure Pm in inhalation air content calculation of the internal combustion engine 
control unit concerning the second operation gestalt, and the relation of the inhalation air content Mc. 

Prawing 7] It is the explanatory view of the continuity of the first relational expression and the second relational expression in the 
internal combustion engine control unit concerning the second operation gestalt. 

Prawing 8] It is the flow chart which shows actuation of the internal combustion engine control device concerning the third operation 
gestalt. 

Pescription of Notations] 

2 [ - An adjustable valve timing device (good fluctuation valve system) 6 / - ECU. ] - An engine, 3 - An inlet valve, 4 - An exhaust 
valve, 5 



[Translation done.] 
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[Drawing 8] 
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[Drawing 7] 
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